A malignant epithelioid schwannoma was diagnosed affecting the trigeminal nerve of an 1 l-yearold dog. Neurologic abnormalities included an altered mental status, ataxia, left head tilt, postural reaction deficits of all four limbs, a pronounced left masticatory muscle atrophy, and absent left facial sensation. Histologically, a densely arranged epithelioid population with a very high mitotic index was surrounded by a spindle-shaped cell proliferation characteristic of schwannomas. Both cell populations stained positively for vimentin, but only spindle cells were occassionally positive for S-100 protein. The histologic and immunohistochemical features of this tumor were consistent with those found in human epithelioid schwannomas.
In human beings, schwannomas (neurilemmomas, schwann cell neoplasms) are the most common benign neoplasm of both cranial and spinal nerve roots and peripheral nerve^.^ Malignant schwannomas are frequent in human beings, particularly with von Recklinghausen's d i~e a s e .~ There are two variants of malignant schwannomas, melanotic and epithelioid, and both are rare.5 Schwannomas affecting cranial or spinal nerve roots and the brachial plexus have been described in several animal species (cattle, horses, rats, and dogs).2 Most are benign.z Malignant cranial and spinal nerve sheath tumors are rare in animals and metastasize infrequently.* In this report, a malignant epithelioid schwannoma affecting the left trigeminal nerve of a dog is described. To our knowledge, this is the first case of this tumor reported in an animal.
An 1 1-year-old, male, Pekingese dog was presented to the Neurology service of the Veterinary Teaching Hospital at the Autonomous University of Barcelona with a 1-year history of circling to the left and progressive ataxia. On neurologic examination, the dog had an altered mental status with depression and disorientation, marked ataxia and left head tilt, postural reaction deficits of all four limbs (worse on the left side), pronounced left temporal and masseter muscle atrophy, absent left facial sensation and movements, and a slight ventral positional strabismus of the left eye. Because the presence ofa lesion affecting the left brainstem was suspected, and due to the poor prognosis, the owners elected euthanasia.
On postmortem examination, a pronounced left masticatory muscle atrophy was demonstrated. A 1.5-cm round mass located at the origin of the left trigeminal nerve and enclosing it ( Fig. 1 ) was the only internal lesion. The mass compressed the pons, medulla oblongata, and adjacent cranial nerves.
The nodule was well defined, encapsulated, and did not infiltrate the surrounding nervous tissue. On sectioning, the mass was soft and homogeneously gray but contained cavities, soft necrotic areas, and darker hemorrhagic foci.
Samples of the tumor and brain were fixed in neutral buffered 10% formalin and embedded in paraffin. Serial 5-wmthick sections were performed and stained with hematoxylin and eosin (HE), periodic acid-Schiff, luxol fast blue (for myelin), Bielschowsky (for neurons), and Masson's trichromic stains. Sections embedded in paraffin were also examined for reactivity to a panel of immunohistochemical markers using a commercial avidin-biotin peroxidase complex kit (Dako Corporation, Glostrup, Denmark) and the following antibodies: rabbit anti-S-100 protein (1 : 150) (Dako), rabbit antiglial fibrillary acidic protein (GFAP) (1 : 300) (Dako), rabbit anti-neuron-specific enolase (NSE) (1 : 800) (Dako), mouse anti-vimentin (1 : 50) (Dako; MAb V9), and a mouse anticytokeratin recognizing multiple keratin products (undiluted) (Immustain, Witney, United Kingdom). Biotinylated rabbit and goat antisera (Dako) were used as secondary antibodies, and 3' 3-diaminobenzidine tetrahydrochloride-hydrogen peroxide as chromogen.
Histologically, the tumor had well-defined borders and was encapsulated by a thin layer of dense connective tissue. A central epithelioid cell population was surrounded by a field of spindle-shaped cells. Epithelioid cells were arranged irregularly in dense cords or sheets. Most cells were pleomorphic, and had large, variably shaped nuclei with coarse chromatin and one or two prominent nucleoli. Their abundant cytoplasm was granular and eosinophilic, and cell margins were distinct. Mitotic figures were numerous (four to six mitotic figures per high power field, at 1 0 0~) ( Fig. 2 ). A small population of spindle cells with hyperchromatic, oval to ellipsoid nuclei, and fine, eosinophilic cytoplasm were observed at the tumor periphery. Such cells were densely packed in some areas, their nuclei arranged in palisades resembling Antoni type A tissueS (fusiform cells densely arranged in bundles or whorls). Occasionally, they surrounded neuronal cell bodies (Fig. 3) of the trigeminal ganglion. Verocay bodies5 (alignment of nuclei in rows separated by clear hyaline bands) were not observed. Other tumor areas were loosely packed with spindle cells enclosed in an edematous field of Antoni type B tissue5 (loosely distributed stellate cells).
A highly vascular stroma composed of nests of endothelial cells and vessels with hyalinized walls was present throughout the tumor. Necrotic foci and hemorrhages comprised large areas of nonneoplastic tissue in epithelioid regions of the tumor. The periodic acid-Schiff reaction demonstrated very small amounts of mucopolysaccaride between epithelioid cells. Bielschowsky and Luxol fast blue stains demonstrated few normal and fragmented myelin sheaths and very few nerve cell fibers at the periphery of the tumor. These were considered to be remnants of the trigeminal nerve.
The adjacent brainstem showed lesions consistent with chronic compression, namely neuronal necrosis, microvacuolation of the neuropil, and diffuse reactive gliosis, particularly of the nuclei near the neoplasm (nucleus motorius n. trigeminus, nucleus motorius n. facialis, nucleus olivaris). The white matter of the medulla oblongata (corpus trapezoideum, lemniscus medialis, pyramis) showed vacuolar degeneration with dilated myelin sheaths, swollen axons, and formation of digestion chambers. Purkinje cell necrosis was also observed in the left cerebellar cortex.
Immunohistochemically, many epithelioid cells were positive for vimentin ( Fig. 4) and negative for S-100 protein.
Most spindle cells were vimentin-positive, and a few were stained with S-100. All cells lacked reactivity for cytokeratin, GFAP, and NSE. Based on these morphological and histochemical features, the tumor was classified as a malignant epithelioid schwannoma.
Schwannomas are common tumors of the peripheral nervous system of animak2 However, intracranial schwannomas involving cranial nerves are rarely reported.2 Intracranial schwannomas have been described in horses,8 cattle,2 rats,I0 and dogs,2 usually as solitary masses. The predilection for sites varies with the species, with frequent involvement of the acoustic nerve in cattle and the trigeminal nerve in dogs.2 Canine schwannomas are generally considered benign although some reports describe a high incidence of malignant forms.' Malignant schwannomas are frequent in human beings, although melanotic and epithelioid variants are very rare.s Two malignant melanotic schwannomas, characterized by an uncapsulated population of melanin-containing neoplastic cells arranged in interlacing bundles or in a stonform pattern, have been described in the dog.4 Previous descriptions of a malignant epithelioid schwannoma comparable to the present tumor have not been documented in this species. In this current case, the major epithelial cell population occurred in association with spindle cell areas resembling the human Antoni A and B types9 at the periphery of the tumor. The presence of a nonepithelioid cell population with a growth pattern similar to that of schwannomas (Antoni A and B) indicates a possible origin in Schwann cell^.^ The paucity of mucopolysaccharide in the stroma of the epithelioid population, similar to that described in human being^,^ is another marker for Schwann cell origin and makes perineural fibroblasts less likely as a possible origin. Other markers suggestive of a Schwann cell origin were noted in this tumor, including the presence of a c a p s~l e ,~~~~~ and myelinated axons at the tumor periphery, and also GFAP-and NSE-negative staining.s Finally, the absence of S-100 staining supports the interpretation of malignancy. Schwann cells and benign schwannomas are usually positive for S-100 protein, whereas malignant forms react inconsistently.5 In human beings, either positive or negative reactions to S-100 have been described in epithelioid schwann positive6 and negative7Jo reactions for S-100 have also been reported in canine malignant schwannomas. Malignant schwannomas in humans can be p o~i t i v e ) ,~.~ or negativelo for vimentin. The malignant epithelioid variant is positive in human tumors3 as it was in this canine neoplasm. The presence of cytokeratin differentiates between schwannomas (negative) and carcinomas (positive),5 although some human epithelioid schwannomas may be either positive or negative to keratin9 This canine neoplasm was negative to cytokeratins. Positive and negative staining has been described for both GFAP and NSE,6 so these procedures are of little value in the diagnosis of this condition.
